• AIM: To investigate the expression of visual system homeobox 1 (VSX1) and myofibroblast marker alpha smooth muscle actin (α-SMA) in keratoconus (KC).
• KeyWoRdS: visual system homeobox 1; keratoconus; alpha smooth muscle actin; keratocytes doI: 10 IntRoduCtIon K eratoconus (KC) is a degenerative disorder associated with stromal thinning and conically shaped protrusion of the cornea, resulting in loss of visual function [1] . The reported incidence ranges from 5 to 54 per 100 000 per year across different populations. It is reported a significantly higher incidence and prevalence in Asians compared with whites, suggesting the influence of ethnicity on the disease [2] . The histopathology of KC presents changes in the gross organization of the lamellae and an uneven distribution of collagen fibrillar mass, especially around the apex of the cone. However, the pathogenesis of KC is not fully understood [3] [4] . Genes with mutations were found to be responsible for human diseases. Single nucleotide polymorphisms (SNPs) of visual system homeobox 1 (VSX1) were previously reported to be associated with KC. Genetic analysis of KC patients from different ethnic backgrounds has revealed several coding variations in the VSX1 gene [5] [6] [7] [8] [9] . Further, our previous study found that three SNPs (rs56157240, rs12480307 and rs6050307) in VSX1 were associated with risk of KC in Chinese Han population [10] . VSX1 belongs to the CVC domain containing paired-like class of homeoprotein. It was first found in the goldfish retina and then in the human retina. VSX1 gene has been localized to human chromosome 20p11-q11and its five exons are distributed across about 6.2 kb of coding sequence [11] . The VSX1 gene expression in humans was detected in embryonic craniofacial, adult retinal, and adult corneal tissue. It is considered to play an important role in ocular development and is particularly involved in the cornea development [12] .
Several pathogenic mutations in VSX1 associated with KC have been validated by multiple studies [13] . In fact, VSX1 may be a pleiotropic action factor among the cornea tissue leading to KC. Although there were many researches about the polymorphism and gene expression of VSX1, the expression of VSX1 protein in human KC has not been investigated to date. As a first step in assessing the role of VSX1 protein in KC, we used corneal tissue from patients with KC and control human corneas to compare and examine the distribution and expression of this protein. Alpha-smooth muscle actin (α-SMA), a marker of myofibroblasts and presents in fibrotic stroma, also had been detected. [14] . Fifteen normal donor corneas without other eye diseases (age range 3 to 68y) were obtained from the Xi'an Eye Bank ( Table 1 ). The cornea were divided into four parts. Part A and Part B were stored at -80℃ used for RNA and Western blot analysis, respectively. Part C was stored in Karnovsky Improvement Fixative Solution for scanning electron microscope (SEM) observation and Part D was fixed by formalin for immunofluorescence. Scanning Electron Microscope The specimens subsequently fixed with Karnovsky Improvement Fixative Solution at 4℃ for 2h (Huayueyang Biotechnology Co., Ltd., Beijing, China). For 4wk decalcification, the specimens were cut into small cubes and then treated with 1% thiocarbohydrazide. For enblocstaining, the specimens were immersed in 4% uranyl acetate solution overnight and washed with distilled water. The specimens were stained with Walton's lead aspartate solution. They were then dehydrated with a graded ethanol series and infiltrated with an epoxy resin mixture. Subsequently, they were polymerized at 60℃ for 72h. The resin blocks were trimmed and placed on an appropriate holder. The ultrastructure of specimens was observed by SEM. Immunofluorescence histochemistry Briefly, the KC and normal corneal tissues were formalin-fixed and paraffinembedded. Then the specimens were cut into 4 μm sections. After being baked at 55℃ for 1.5h, the samples were deparaffinized in xylene and rehydrated using a series of graded alcohols. And then, the antigens were retrieved in 0.01 mol/L sodium citrate buffer (pH 6.0) using microwave oven and the tissue slides were treated with 3% hydrogen peroxide in methanol for 10min to exhaust endogenous peroxidase activity, and then preincubated in 10% normal goat serum for 30min to prevent nonspecific staining. The samples were incubated overnight using a primary antibody VSX1 (1:500, Santa Cruz Biotechnology, Inc., California, USA), α-SMA (1:1000, Sigma-Aldrich, Inc., St. Louis, Mo, USA) in a humidified container at 4℃ . On the second day, after washing with PBS three times, fluorescein isothiocyanate (FITC)-coupled mouse secondary antibody (1:100, Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) were added to the tissue slides for 30min at room temperature. Then washing three times with PBS, the tissue slides were observed and taken photos under a fluorescence microscope. RnA Extraction and Reverse transcription-Quantitative Polymerase Chain Reaction Analysis Total RNA was isolated according to the manufacturer's protocol (RNAprep pure Tissue Kit, TianGen Biotech Co., Ltd., Beijing, China) and was used for reverse transcription at 37℃ for 60min in a 20-μL reaction mixture by using a first-strand cDNA synthesis kit (QuantScript RT Kit, TianGen Biotech Co., Ltd., Beijing, China). The RealMaster Mix SYBR Green reagents (TianGen Biotech Co., Ltd., Beijing, China) were utilized in real-time PCR. The primers and the fluorogenic probe were designed and synthesized by Sangon Biotech (Shanghai, China). PCR reaction was performed as follows: 1min at 95℃ followed by 40 cycles of amplification for 15s at 95℃ and 1min at 60℃ . The Relative expression of Vsx1 was normalized against the endogenous control, Gapdh, using the 2 -ΔΔCq (Livak and Schmittgen) method [15] . Each sample was assayed in triplicate and the average results were calculated. Western Blotting Cellular total proteins were extracted according to the manufacturer's protocol by One
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Step Animal Tissue Active Protein Extraction Kit (Sangon Biotech, Shanghai, China). The protein concentration was determined by using a Modified Bradford Protein Assay Kit (Sangon Biotech, Shanghai, China). Equal amounts of protein (15 μg) were loaded and separated by 12% SDS-PAGE gel and then transferred onto a PVDF membrane. The membrane was soaked with 5% milk for 2h. After washing with PBSTween-20 (PBST; 5min/wash), the membrane was incubated with the primary antibodies including VSX1 (1:500, Santa Cruz Biotechnology, Inc., California, USA), α-SMA (1:1000, Sigma-Aldrich, Inc., St. Louis, Mo, USA) and GAPDH (1:1000, Beijing Biosynthesis Biotechnology Co., Ltd., Beijing, China) at 4℃ overnight. The membranes then were washed with PBST three times and incubated at room temperature for 2h with the HRP-conjugated secondary antibody (1:5000, Thermofisher Scientific,Massachusetts, USA). After that, it was washed three times with PBST and detected using the High sensitive ECL luminescence reagent (Sangon Biotech, Shanghai, China). Then, the relative band density was quantified using odyssey FC 5.25 (LI-COR Biotechnology, Nebraska, USA). GAPDH was used as the internal control. Statistical Analysis The data were expressed as the mean± standard error of the mean. Independent-samples t-test was used for comparing the differences between normal and KC groups. IBM SPSS Statistics 19 was used for statistical analysis. P<0.05 was considered to indicate a statistically significant difference. RESuLtS ultramicroscopic Structure The ultramicroscopic structure of normal and KC stroma were observed by SEM. Compared with normal corneal stroma, KC stroma showed several distinguishing properties. First of all, the collagen fibers were distortional and attenuate ( Figure 1A, 1E) . At the same time, the nucleus gap widened. Additionally, mitochondrion swells and mitochondrial cristae disappear. Golgi apparatus presents significant expansion and endoplasmic reticulum displays severe swelling ( Figure 1B-1D, 1F-1H ).
E x p re s s i o n o f V S X 1 i n K e r a t o c o n u s C o r n e a s
Immunoflurescence showed that VSX1 signal was clearly localized in the stroma of normal and KC cornea. Compared with normal tissue, increased VSX1 staining was detected in the KC (Figure 2A ). These data were confirmed by RTqPCR and Western blot respectively. Results in Figure 2B demonstrated that VSX1 mRNA level in KC was about 3 times higher than normal corneal tissues (P<0.001). Western blotting confirmed significantly VSX1 protein up-regulation in KC tissues ( Figure 2C, P<0.001) . Together, these results demonstrate VSX1 up-expression in KC tissues.
E x p re s s i o n o f α -S M A i n K e r a t o c o n u s C o r n e a s
Immunoflurescence showed that α-SMA also localised within the stroma. There is almost no immunostaining was observed in normal cornea, however, for KC, stronger immunostaining of α-SMA compared to normal cornea ( Figure 3A) . RT-qPCR assay results in Figure 3B showed that α-SMA mRNA level was about 1.5 times higher in the KC tissues than that in normal cornea tissues ( Figure 3B ; P<0.0001). Western blotting also showed that α-SMA protein expression was increased in KC tissues ( Figure 3C; P=0.0002) . dISCuSSIon KC is a corneal thinning disease whose etiology remains unknown. The pathophysiology of KC is characterized by the presence of a thin corneal stroma, altered extracellular matrix assembly and myofibroblast differentiation [16] . The etiology of KC, which is multifactorial with genetic and environmental influences, remains elusive [17] . While many studies examine how environmental factors influence disease development, finding that the genetic triggers has been a major emphasis of KC research [18] . A large number of candidate genes have been studied in relation to KC pathogenesis. The link between VSX1 variants and KC susceptibility was first reported in Canada by Heon et al [19] and then many other studies had examined the potential mutations of VSX1 in KC patients. It is reported that the susceptibility of mutations in VSX1 can vary in different ethnic groups [6] [7] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Our team also reported 3 SNPs (rs56157240, rs12480307 and rs6050307) in VSX1 associated with the susceptibility of Chinese KC patients, however, the actual function of VSX1 is unclear [10] . As a first step to understand the possible role of VSX1, we examined patterns of VSX1 expression in both human normal and KC. Different from previous research that VSX1 was not detected in mice cornea [29] , in our study, VSX1 was expressed slightly in the stromal of normal human corneas but strongly in KC.
The loss of structural integrity in the KC was caused by the presence of abnormal keratocytes and matrix proteins. Keratocytes are activated into myofibroblast, causing abnormal secretion of extracellular matrix [3] . Our SEM results confirmed that the collagen fibers of KC stromal were distortional and attenuate and keratocytes were abnormal changed, revealing that the reduction of the interfibrillar distance of collagen sheets and the increase of proteoglycans with abnormalities in their configuration as the condition evolves. Barbaro et al [30] had analyzed VSX1 expression and its involvements in wound-healing processes, in which differentiation of corneal keratocytes into myofibroblasts occurs and myofibroblastspecific marker (α-SMA) expresses. They considered that VSX1 sharply high expressed in the corneal stroma may elucidate the pathophysiological origin of KC. Xu et al [31] investigated the effects of bovine pituitary extract on the proliferation of keratocytes and confirmed that the expression of VSX1 reached a high level when many keratocytes underwent fibroblastic transformation. In this study, we also have analyzed α-SMA expression in normal human and KC, which is absent in the stromal of normal human cornea but intense expression in KC. The results indicate that the upgrade expression of VSX1 might cause the intense expression of α-SMA in the keratocytes, which may lead to differentiation of corneal keratocytes into myofibroblasts. The presence of abnormal keratocytes could alter the secretion of extracellular matrix and the structure of corneal stroma, which is the causation of stroma thinning and keratoconus occurrence. In summary, compared with normal corneal stroma, we found that the expression level of VSX1 and α-SMA in KC increased.
VSX1 in keratoconus corneas
Taken together previous SNP studies, these observations indicate that VSX1 is related to the activation of keratocytes and involved in the pathogenesis of keratoconus. However, it remains to be determined whether the increased expression of VSX1 observed is directly involved in KC pathogenesis or is secondary responses. The specific role of VSX1 in KC pathogenesis needs further study.
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